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Meta-analyses and systematic reviews are often taught as top tier research since they offer comprehensive evidence synthesis. Systematic reviews describe many related, thoughtfully selected studies put together to provide a bigger picture and may include a meta-analysis which statistically evaluates these studies to generate a quantified and  summarised outcome. The quality of a systematic review and/or meta-analysis is highly dependent on the quality of the studies included, as studies with high risk of bias(such as those lacking randomization) or of lower quality evidence (such as retrospective case-control studies) can consequentially deteriorate the validity.1 Quality meta-analyses can reduce the risk of claiming there is a difference when really there is not (termed a type I error), when multiple studies support a similar result. They can also reduce the opposite risk, claiming there is no difference when really there is one (termed a type II error). This error happens more often when the true difference is of small magnitude. Meta analyses offer larger sample sizes by pooling many individual studies which increases the power to detect smaller differences.1 Therefore, when hearing, ‘A recent meta-analysis shows…' eager trainees hoping to practice evidence based medicine(EBM) often embrace that research. I was one of these eager trainees, but after assisting with a meta-analysis, I became acutely aware of some of the risks inherent to meta-analyses and caution a critical eye even among this top tiered evidence category. Below, I describe three take-home points I learnt and that I hope may benefit other medical trainees in EBM.
Know the Inclusion and Exclusion Criteria, aka the PRISMA flow chart
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement describes how articles are selected to be included in a review which is only part of its 27-item checklist. Clear, specific and well-defined PRISMA statements give readers confidence in the thoughtful intent and diligence of the authors. Studies are selected based on inclusion and exclusion criteria, which are developed from the review’s selected Population, Intervention, Comparison, Outcome and Study design(s) of interest (PICOS).1 Articles are excluded if they are duplicates and sometimes if in other languages or if deemed irrelevant first by title/abstract screening, then by full article evaluation.2 I discovered human error can impair accuracy in this process, as I slowly and deliberately screened over 5000 articles using an electronic organising system within EndNote only to find later I had inadvertently deleted (but did recover) 41 studies. That 1% deletion rate could have neglected a potentially relevant and impactful study. I also noticed that if I excluded articles based only on screening the title and/or abstract, sometimes information of interest (hidden in the full article) was missed. Multiple reviewers (at least two recommended2), as well as systematic checks can help protect against human error. Still there is high inter-reviewer variability when ‘judging a book by its cover' as even when two different reviewers filter through all the studies, they often disagree- mostly on the title and abstract allocation. In one review, two reviewers agreed on including 166 articles but disagreed on 72 articles. Furthermore, 63 of the 72 were disagreements based on abstract and title alone, highlighting this step’s high potential for bias and the importance of a final consensus reached by the reviewers.3 Ambiguous inclusion and exclusion criteria leave room for subjective decisions and variations in study selection which could reduce reproducibility and introduce random error or bias. For example, if assessing coronary artery disease (CAD), how did the authors define CAD? As angiographic evidence of CAD broadly or specifically as >50%,>70% or>0% angiographic stenosis? Was acute coronary syndrome (ACS) vs stable CAD differentiated? Broader definitions in the inclusion criteria and less stringent exclusion criteria allow for more studies to be reviewed, which may also increase the heterogeneity and possibly over-generalise or overlook key clinical differences. In a 2005 meta-analysis evaluating the benefit of invasive percutaneous coronary intervention verses medical therapy for CAD, the review defined CAD broadly as angiographic evidence of stenosis and excluded subjects who were within 1 week of an ACS event. Based on the 11 trials included, they concluded there was no benefit in invasive treatment (RR 0.94, CI 0.72 to 1.24).4 However, a 2009 meta-analysis evaluating 17 studies, which also added trials including recent ACS, did show a significant benefit in invasive procedures over medical management (OR 0.82, CI 0.68 to 0.99).5 The specific criteria and differing PICOS can significantly impact the meta-outcome. When evaluating the PRISMA, careful attention to how studied are allocated, how the reviewer process is conducted and what the pre-determined inclusion and exclusion criteria are (ideally specific and well-outlined in the PRISMA as demonstrated in figure 1) can all help readers better understand the quality and application(s) of the review’s conclusion(s).

Understand Heterogeneity
Heterogeneity refers to the diversity between outcomes of all included studies.6 Israel and Richter describe two common methods of assessing heterogeneity statistically- the Cochrane Q and the Higgins I2 statistic. Cochrane Q is basically a chi-squared test that determines if the differences between outcomes are significant based on a p-value set to <0.10. By convention, any Q<0.10 is considered significant for heterogeneity. The Q statistic being of low power when too few studies are included risks missing heterogeneity. Though the increased p-value from 0.05 to 0.10 helps ‘catch’ more studies to compensate, the Q is still imperfect and hard cut-offs warrant caution. While the Q statistic does not quantify the heterogeneity, fortunately the Higgins I2, which is derived from the Q statistic does. Higgins I2 represents the percent of variation due to heterogeneity, ranging from 0%–100%. There is no established threshold percent for acceptable variation and therefore, the percentage must be interpreted within the review’s specific clinical context.7




  




Some variation between studies around a true population mean is expected due to random sampling and chance. However, regardless of the statistical heterogeneity calculated, clinical heterogeneity must be independently determined based on the clinical appropriateness of combining or comparing the included studies. For example, studies with different drug doses, follow-up times, or patient populations (healthy verses critically-ill) may or may not create clinically significant heterogeneity.7 I found significant heterogeneity in the many studies I gathered due to factors like the above that I had not thought to specify in the inclusion criteria. Other authors have also confronted this and often perform subgroup analyses to evaluate possible attributable factors. For example, a 2002 meta-analysis of Alendronate’s ability to prevent reduction in non-vertebral bone mineral density in postmenopausal women did not specify dose in their inclusion criteria and so included all doses. They then found in their subgroup analyses that the lower dosed trials were less likely to show significant effects. The meta-analysis of the eight trials dosed at 5 mg yielded RR 0.87 (CI 0.73 to 1.02) p=0.09 lacking significance, whereas the six trials dosed at 10–40 mg produced a RR 0.51 (CI 0.38 to 0.69) p<0.01 which did show a significant benefit.8 Subgroups were useful and clinically appropriate since the 5 mg Alendronate dose appeared sub-therapeutic. However, subgroup analyses also carry risk. The risk of a type I error increases as more analyses are run. We usually accept a 5% chance (p<0.05) of falsely claiming a found difference to be true but when many unadjusted analyses are applied, as in many subgroups analysed, that risk increases drastically—to a shocking 40.1% for just 10 analyses.9 The famous study guiding our EBM use of aspirin in ACS intentionally ran subgroups based on patient zodiac signs finding that Libras and Gemini did not benefit from aspirin, solely to demonstrate this statistical flaw.10

Readers of EBM need to assess the studies heterogeneity and possible sub-analyses to address the clinical implications particularly as it relates to certain patient populations and care management choices.

Evaluate the Forest plot
A forest plot presents a full-picture, visual summary of all included studies in a meta-analysis.7 It shows graphically the outcomes, also known as estimated effect sizes with confidence intervals of each study in relation to each other and to a line of no effect. Then the estimated pooled total effect size with its confidence interval is also pictured at the bottom. The various estimated effect sizes of the individual studies can appear clustered close together or far apart. If the studies are so close that the confidence intervals of all studies overlap, they are considered homogeneous.6 The annotated sample forest pot (figure 2) describes in more detail how to interpret a forest plot.
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Figure 1 Example Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram (adapted from Moher et al
2). RCT, randomised controlled trial.
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Figure 2 .Annotated sample Forest plot (adapted from Ried K and Bain R et al
6 11).



Overall, the clarity and completeness of the PRISMA, the heterogeneity between studies and the estimate effect size of the individual studies and the meta-analysis all need to be considered within the appropriate clinical context before applying a review’s conclusions to clinical practice. I encourage other trainees to engage in research to learn EBM lessons firsthand themselves. The better trainees learn to interpret research, the better decisions they can make in clinical application and the more excellent EBM providers they can become.
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